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Comparison of J NHE data between Purkinje fibers and the ventricular cells
Data obtained in ventricular myocytes could be more appropriate for developing an NHE model than the Purkinje fiber where poor perfusion of the intercellular space might exist. However, no [Na + ] i -J NHE relations is available in dissociated ventricular cell preparations. Therefore, we assessed the Purkinje fiber data by comparing with the single ventricular cell data before using them for the model development (Fig. S1) . We compared dpH i /dt accompanying the acid extrusion by NHE, since Bountra et al. (1) demonstrated that a slow dpH i /dt is a sign of poor perfusion of the intercellular space in multicellular preparations. As obvious in Fig. S1 A, the amplitudes of J NHE in Purkinje fiber of Wu & Vaughan-Jones (2) are in the midrange of those in ventricular myocytes. Considering that comparable values of β (20~40 mM/pH unit) were used to convert dpH i /dt to J NHE , it is evident that dpH i /dt of Wu 
Determination of parameters for intracellular pH buffer
The total concentration and dissociation constants of intrinsic pH buffers, A and B, were determined by fitting the measurement of intrinsic pH buffering power (β) which was directly measured in Purkinje fibers in HEPES buffered system (13) with the following equation.
, where [TA] 
The simultaneous fitting method
Although extensive experiments have been conducted to clarify the characteristics of NHE, the number of experimental protocols examined to date does not meet the number of unknown parameters. Thus, in previous studies (14) , the number of unknown parameters was reduced by intentionally fixing some parameters before conducting data fitting. In this study, we scanned the wide ranges of parameters by fitting, and then found the possible model schemes and multiple parameter sets. This is a new attempt to determine the model parameters, and may be widely applicable to model developments.
Data fitting using a minimum number of assumptions requires human effort as well as computational costs. Searching for a set of local minimums took nearly 1 day of computation with an ordinary personal computer (AMD Athlon Dual Core Processor, 2GHz), when starting from 3,674,160 sets of initial parameters; that is, testing 16 entire model schemes required about 2 weeks. Moreover, a similar process was repeated many times in preliminary trials until adequate ranges and intervals of the initial parameter values were finally fixed. Despite these difficulties, objective determination of the whole parameter set for the NHE model is a final goal, which is difficult to achieve in experimental studies.
Why was the classic scheme used irrespective of the dimer conformation of NHE?
Although recent biochemical studies demonstrated that NHE1 exists as a dimer (15, 16) , it remains unsolved how and if monomer interactions influence transport function. So far, three disparate dimeric NHE models have been proposed (Otsu et (20)). However, it is still difficult to distinguish or validate these models by experimental findings as described below. 1) Otsu et al. (17, 18 ) measured NHE-mediated Na + transport at 0 o C in renal brush border membrane after rapid external application of Na + , and found a multiphasic time course consisting of a lag phase, a monoexponential burst phase followed by a steady-state Na + uptake. The kinetic analysis of the pre-steady state revealed a presence of at least two Na + transport sites. On the other hand, the steady-state Na + uptake obeyed simple MichaelisMenten kinetics. They suggested a flip-flop ion transformation of a dimeric NHE, but did not provide a mathematical model.
2) Lacroix et al. (19) measured pH i -dependent Na
+ uptake in fibroblasts expressing the human NHE1. They demonstrated that mutations in loops 2, 4 and 5 in the transmembrane domain modified the cooperative behavior of NHE1, and considered that these regions are important for the allosteric regulation of the dimeric exchanger. They proposed a MonodWyman-Changeux concerted mechanism for a dimeric transporter, in which a low-affinity form of NHE1 is converted into a high-affinity form for intracellular H + during intracellular acidification, with no requirement for an additional proton-sensor site. However, due to the absence of the proton-sensor, this model fails to explain the depression of the reverse mode by the intracellular alkalinezation observed by Wakabayashi et al. (4) (22), which disrupts the optimal regulatory function of NHE. In model development, they failed to distinguish the two different coupled dimer models because both models were broadly consistent with their experimental findings. Moreover, the above experimental studies admitted the plausibility that monomers function independently at low cytoplasmic pH (Fuster et al. (20) , see also Hisamitsu et al. (15)), and that the exchange follows the Michaelis-Menten kinetics in the steady state (Otsu et al. (17, 18) ). Under this condition, developing a dimer model is beyond the scope of the present study.
It might be appropriate to use the classical NHE scheme for evaluating the interaction between multiple ion channels, ion transporters including NHE underlying the H + homeostasis in a cardiac cell models, as far as the optimized model parameters well reconstruct the major experimental findings in the physiological ionic conditions. (23)).
TABLES
* The values in parentheses in rows for P NH3 and P NH4+ are permeabilities, the unit of which was converted from ms -1 to cm s -1 assuming that the cell volume (8000 fL) and the membrane surface (132 pF) are the same as those of Kyoto ventricular cell model (23) .
